Purpose: Hemipelvectomy amputation is a surgical procedure in which the lower limb and part of the pelvis are removed. Although few studies are available on the performance of individuals with hip disarticulation while walking, there is no study on gait analysis of hemipelvectomy subjects. Therefore, this study aimed to evaluate the gait and stability of an individual with hemipelvectomy amputation.
Introduction
ower limb amputation occurs as a result of traumas, vascular diseases, cancers and so on. The incidence of amputation varies from 2.8 to 43.9 per 100000 individuals, of which 0.5 to 3 is related to hip-level amputation or above [1, 2] . The main causes of amputation at this level are vascular problems, malignancy, and tumors [1] [2] [3] . The hip joint amputees lose their ability to stand and walk efficiently (without crutches and walkers), thus they use certain prostheses [2] [3] [4] .
Different types of prostheses have been designed to restore standing and walking abilities in amputees at the hip joint surface and hemipelvectomy [4, 5] . However, several problems including high energy expenditure for walking, slow walking, inappropriate walking style in terms of aesthetics, and limited motion range of lower limb joints, are associated with the usage of prostheses [6] [7] [8] [9] [10] . As a result of limited users of this type of prosthesis, few studies are available in this regard. In addition, research studies are scare on influential kinetic and kinematic parameters in users of Canadian prostheses [6, 7, 9] . Only one study evaluated the effect of applied force on the prosthesis while walking in a hip joint amputee [8] .
The average speed of walking with the prosthesis in a hip joint amputee differed from 0.83 to 1.31 m/s [7] . Moreover, this person had a step length between 0.65 and 0.96 m which was significantly different from the normal population [7, 11] . The energy consumption of the amputee was also approximately 2 times higher than the normal population [11] . Unlike hip amputation, hemipelvectomy amputation is a surgical procedure in which the entire lower limb and part of the pelvis are removed. Therefore, it seems that the performance of an amputee is different than people with hip disarticulation, due to the higher level of amputation. According to the literature, no study assessed the ability of people with hemipelvectomy amputation. Therefore, this study is the first one to evaluate the amputees' performance in this situation.
Materials and Methods
A person with a hemipelvectomy amputation of the right side participated in this study. He used a form of Canadian prosthesis with a multiaxial wrist joint, 3R21 knee joint and 7E7 hip joint for over 5 years. The weight, height and age of the subject were 75 kg, 1.75 m and 39 y, respectively.
The study measured parameters were spatial-temporal walking parameters (walking speed, cadence, step length, stance phase), torque applied on lower limb joints, the movements of the lower limbs and trunk joints in 3 directions, and the force applied to the legs during walking. In addition, the balance of the subject 
Highlights
• Hemipelvectomy is an operation in which the lower limb and part of the pelvis are removed.
• We conducted a study on gait analysis of a hemipelvectomy subject.
• The results indicate a significant asymmetry between the kinetic and kinematic performance of the sound and prosthesis sides.
• This difference might be due to lack of muscular power and or alignment of prosthesis components.
Plain Language Summary
In hemipelvectomy amputation the lower limb and part of the pelvis are removed. Because, there is no study on gait analysis of hemipelvectomy subjects, we aimed to evaluate the gait and stability of an individual with hemipelvectomy amputation. He used a Canadian prosthesis with single axis ankle joint, for more than 10 years. According to our results, there was a significant difference between knee, hip and ankle motion ranges and their related time periods on the sound and prosthesis sides. The stability of the subject was better in the anteroposterior direction, than the mediolateral direction. The obtained results suggested a significant asymmetry between the kinetic and kinematic performance of the sound and prosthesis sides, which may be due to lack of muscular power and alignment of prosthesis components.
was measured while standing on a force plate with open-and closed-eyes for 1 minute. Balance was evaluated through the following formulas:
:
Equation 5:
COPEAP, COPEML, PLAP, PLML, VAP, VML were respectively the range of pressure center changes on the anterior-posterior plane, the range of pressure center of internal-external plane, path length of the pressure center on the anterior-posterior plane, path length of pressure center on external-internal plane, the velocity of the pressure center on the anterior-posterior plane, and the velocity of the pressure center on the internal-external plane. Distribution of variables was evaluated by Shapiro-Wilk test at a significance level of 0.05. Parametric tests were used for final analysis, due to normal distribution of the variables. The difference between sound and prosthetic side was evaluated through 2-sample t-test at the significance level of 0.05.
Study methods
Kinetic and kinematic evaluation were conducted at the Musculoskeletal Research Center of Isfahan University of Medical Sciences, Isfahan City, Iran by using a Swiss made 7 high-speed 3D motion capture solution (Qualisys motion tracking system) and a Kistler force plate (Kistler Model 9285, Quartz Force, USA). The obtained data were analyzed using Visual3D software (C-Motion Inc., USA). Therefore, the force and torque applied to various joints from raw data were calculated. Force plate frequency and the cameras were set to run at 120 Hz.
The participant was asked to stand and walk in the laboratory. Markers used in this test were round with 14 mm of diameter, covered with light reflectors in order to be identified by cameras. Markers were installed on the legs, hips, and trunk, according to the marker installation protocol used at the Department of Biomedical Engineering, University of Strathclyde, Glasgow, Scotland, the United Kingdom.
Sixteen markers were placed on the Anterior Superior Iliac Spine (ASIS), the Posterior Superior Iliac Spine (PSIS), internal and external ankles, heads of the first and fifth metatarsal, and the left and right large trochanters. In addition, 4 markers were placed on semicircular clusters and connected to the anterior side of the leg and thigh by flexible straps. The subject was requested to walk at safe speed in the laboratory (the subject walked with a crutch in order to maintain balance and avoid falling). Tests were repeated 10 times while the subject was walking with a Canadian prosthesis. Independent samples t test with a significance level of 0.05 was used as the final analysis. Statistical tests were performed in SPSS.
Results
The motion range of the wrists, knees, and thighs on all 3 planes are listed in Table 1 . As specified in Table 1 , Mean motion ranges of the wrist joint on the sound side of the body on sagittal, coronal, and transverse planes were equal to 34.18, 17.45, and 13.92, respectively, compared to 4.96, 2.95 and 6.88 on the prosthetic side. There is a significant difference between the sound and prosthetics sides regarding knee joint motion ranges (P<0.05). The Mean range of hip joint motion on the sound and prosthetic sides were 40.3 and 27.33 degrees, respectively, which indicates a significant difference between the 2 sides (P=0.001). The Mean motion range of abduction/adduction of hip joint on the sound side was 7.61 degrees and it was 6.9 degrees in the prosthetic leg, which does not suggest a statistically significant difference between the 2 sides (P>0.05). Table 2 presents the pelvis and thorax kinematic parameters on the sound and amputated sides. As per Table  2 , there is no difference between the pelvic motion range on the sound side and the amputated side, on the sagittal and transverse plates. The Mean range of forward bend and side bend were 14.02 and 2.59 degrees on the sound side and 11.06 and 3.22 degrees on the prosthetic side, respectively (P<0.05). We also explored torque applied on the hip joint. Mean range of flexor torque on the hip Data are presented as Mean±SD. joint on the sound and prosthetic sides were 0.32 and 0.186 Nm/body weight, respectively (P=0.01, P=0.01).
Hip joint extensor torque on the sound side was 2 times more than the prosthetic side. Although there was a significant difference between the hip joint adductor torque on both sides, the difference between the Mean rage of torque transferred from the knee was not significant. As specified in the Table, knee torque on the prosthetic side was significantly different from that of the sound side. Figures 1, 2 and 3 show the movements of the hip, knee, and joint of the wrist on the sound and prosthetic sides. Table 3 presents the Mean range of torque, applied to the wrist joint and the force transmitted from both sides. The Mean vertical impact on the left leg was equal to 865.8 N, compared to 248.8 N on the prosthetic side (P<0.001). The first and second peaks of posterior-anterior force on the sound side were 51 and 110 N, compared to 9.16 and 5.31 N on the prosthetic side, respectively (P<0.001). The torque applied to the wrist joint on the amputated side was significantly higher than that of the sound feet and the difference between them was significant.
Discussion
Hemipelvectomy amputation is a surgical procedure in which the lower limbs and a part of the pelvis are removed. Limited studies have been conducted on the performance of amputees in respect of the hip surface while walking [1] . Therefore, there is no study on the analysis of individuals with hemipelvectomy. As a result, this case report aimed to evaluate the walking and balance of people with this type of amputation. Table 1 , hip, knee, and wrist joints kinematics are significantly different between the sound and prosthetic sides. Hip joint motion range on the sound side on the sagittal plane was 40.3 degrees, compared to 27.33 degrees for the prosthetic feet. The main reason to this is the hip position on the prosthetic side which is placed on the anterior part of the socket [5] . Flexion and extension motion range of the knee joint were also less than those of the sound side which can be due to prosthetic components alignment [5, 2] .
As per
The main strategy used by amputees to control the movements of prosthetic joints was changing the position of the center of gravity, relative to the artificial joint center. The alignment of the prosthesis is adjusted in such a way that the line of weight is always in the front of the knee joint and be- hind the hip joint. Therefore, hip and knee joints are always maintained in the extension mode during the stance phase [7, 2] . There was no major differences between pelvic flexionextension and rotation on both sides regarding the pelvic motion. The main reason for this issue is the special design of the socket which covers the pelvic [7, 4] . Therefore, the pelvic motion range is significantly limited on both sides and the upper edge of the socket comes up close to the trunk.
Another parameter investigated in this study was the torque applied to the hip joint. Hip joint torque on the prosthetic side was significantly less than that of the sound side. The main reason for this may be related to the force transmitted from the legs on the prosthetic side. The Mean scores of flexion/extension torque and hip joint abduction in a sound person were equal to 0.4 to 0.98, 0.75 to 0.98 and 0.97 Nm/body weight, respectively [11] , which is roughly the same as torque applied to the sound side in this study.
Limited limb movement range on the prosthesis side can be another reason. In a study conducted by Nietert et al. flexion torque and hip joint abduction were 1.1 and 0.98, respectively [8] , which were higher than the results of this study. The main reason to this difference might be using crutch in this study. The study participant used crutch to improve his balance while walking and standing. A portion of body weight is applied to the crutch which affects the torque on to the joints and the components of the prosthesis.
The force transmitted through both legs is essentially different. In other words, the magnitude of the breaking and progression forces are significantly different on both sides. However, these 2 forces are almost the same in a normal person, which indicates the gait symmetry [11] . According to the present study, not only the mean score has been significantly reduced, but also the first and second peak rates were not the same, on the prosthetic side.
This difference can be due to the strength of prosthetic side muscle and use of a cane.
The Mean scores of balance equilibrium parameters on the open-and closed-eyes modes are presented in Table  4 . Motion Mean±SD range of Center of Pressure (COP) of the body on the internal-external and anterior-posterior planes in the open-eyes mode were 5.056±1.87 mm and 4.0±22.54 mm, respectively. COP fluctuation Mean±SD speed in posterior-anterior plane was 885±135.95 mm/s, compared to 1020.62±627 mm/s on the external-internal plane. According to these parameters, it seems that the subjects' balance was better in posterior-anterior plane than the external-internal plane.
Investigations disregarded the balance of people with hemipelvectomy amputation. This case report is the first study in this regard. According to Table 4 , the Mean±SD scores of excursions of center of pressure in the anterior-posterior and external-internal planes were 29±4 and 14±4 mm, respectively [12] . It seems that the study participant has higher relative balance, compared to the normal population. However, the balance was measured during calm stance position, in the present study. The results of the stability analysis in the calm stance position revealed the role of crutch in stability improvement. Considering the lack of muscle support around the hip, knee, and wrist joints, the subject could not have dynamic equilibrium. The alignment of prosthesis components may be another reason for better balance of the subject, compared to the normal population. The alignment of prosthesis components protects the foot in an extra position which stabilizes the person while standing [7] .
There are few studies available on gait analysis of the people with hip joint amputation. However, there is no study on the gait analysis of the hemipelvectomy amputees. The obtained results suggested a significant non-symmetry between kinetic and kinematic parameters of the sound and prosthetic sides. Such non-symmetry can be due to muscle weakness and alignment of the prosthesis components. It is recommended that the obtained data of this study be used to design the prosthesis components.
Ethical Considerations

Compliance with ethical guidelines
To observe principles of research ethics, an informed consent letter (from the Ethics Committee of Isfahan University of Medical Sciences) was signed by the subject before collecting information. 
